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Abstract: Nowadays, a wide variety of computer systems use authentication protocols based on
several factors in order to enhance security. In this work, the viability of a second-phase authentication
scheme based on users’ mouse behavior is analyzed by means of classical Artificial Intelligence
techniques, such as the Support Vector Machines or Multi-Layer Perceptrons. Such methods were
found to perform particularly well, demonstrating the feasibility of mouse behavior analytics as
a second-phase authentication mechanism. In addition, in the current stage of the experiments,
the classification techniques were found to be very stable for the extracted features.
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1. Introduction
Computer security has been one of the main issues and areas of interest and research since the
origin of Information Technology. A wide variety of security measures have been developed over
the years in order to try to protect different type of assets, from physical systems to software services
and data [1]. Authentication systems can be considered a key component of these security models,
becoming the basis for access control systems and the first barrier against threats. Nowadays, almost
every computer system or service relies on an authentication process in order to check the identity
of the users and to determine the access permissions that should be granted according to the users’
specific profiles.
Such an authentication process can be performed by means of different methods or factors [2].
The most common ones are based on knowledge, such as a password or a personal identification
number, or some device or item that the user owns, such as an identity card or a bank card. More
sophisticated methods based on users’ biometric properties, such as fingerprint, retina or voice, have
evolved over the last years, so that they can verify users’ identity in a very precise and robust manner.
These methods have become more and more popular along with the use of smartphones and tablets,
which use them to grant access to the device features. In addition, behavioral biometrics have arisen
from the analysis of users’ behavior during their interaction with computer systems as an alternative
way of authentication. Different behavioral features, such as keyboard typing and mouse usage, have
been widely studied as possible authentication factors [3], but their high variability over time make
them unstable to become a primarily authentication method.
During the last years, classical authentication schemes have moved towards a two-step verification
process in order to strengthen authentication. Under this scheme, users must prove their identity
in two different and complementary ways, typically a password-based method is used as primary
verification and, then, a generated code which is sent to the user’s phone is also required to successfully
complete the process.
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The second verification step could be extended so that it is periodically repeated all along the users’
session to verify their identities in a transparent manner, so that they are not continuously bothered
and required to identify themselves. To this purpose, behavioral authentication methods could be
useful as they do not require any specific device and they just monitor users’ activity. Therefore, in this
work we conduct an analysis of a mouse-based authentication mechanism in order to be used as a
continuous second step verification process. Such a method aims to create a specific profile for each
user by means of Artificial Intelligence (AI) techniques, and it requires the application of Big Data
and Data Mining techniques in order to handle the enormous volume of data gathered from the users’
interaction with the computer environment.
2. Methods
In order to conduct this experiment, mouse movement data were collected from a variety of test
cases oriented to frequent user interactions with a computer, such as closing a window, forced waiting
periods, or even locating the mouse pointer on the screen. To this purpose, an ad-hoc application
was developed to guide the user across these test cases, while the mouse movement data were being
collected in a transparent manner to the user. Due to the high variability of behavioral biometry,
the entire process was repeated over three different sessions for each one of the twenty test volunteers,
resulting in more than one million records of data.
Users’ identity must be verified in order to make the authentication process feasible. A number of
features related to different spatial-temporal measurements on mouse usage were originally proposed
in [4], and they were used in this work. Since the users’ behavior may significantly vary due to
particular circumstances (i.e. emotional state or distractions), outlier measurements were filtered out,
and then the data was scaled to the interval [0, 1] prior to any further processing. Due to the temporal
and sequential basis in which the events are captured, two different data scenarios were proposed for
analysis: in the first one, data were grouped in windows of 100, 200, and 500 events, respectively; and,
in the second one, data were grouped in time windows of one, two and five seconds, respectively.
The analysis conducted in this work addresses the authentication process by means of two
different widely used AI classification algorithms: Support Vector Machines [5] (SVM) and Multi-Layer
Perceptrons [6] (MLP). User-specific profiles were built upon the three data scenarios proposed,
searching for an appropriate model hyperparameterization using a grid search procedure, which also
takes cross-validation into account, so that the generalization of the trained models can be assessed.
3. Results
The performance of the proposed experiments was measured in order to analyze whether it is
possible to authenticate users according to their behavior when they are interacting with computers
by means of mouse devices (Table 1). To this purpose, four different common metrics have been
computed: precision, recall, F1-score, and AUC-ROC [7].
Table 1. Average and standard deviation performance.
Event-Based Windows Time-Based Windows
100 events 200 events 500 events 1 second 2 seconds 5 seconds
MLP
Precision 0.82 (±0.06) 0.83 (±0.07) 0.85 (±0.09) 0.79 (±0.07) 0.80 (±0.08) 0.80 (±0.09)
Recall 0.91 (±0.05) 0.89 (±0.07) 0.87 (±0.10) 0.86 (±0.07) 0.85 (±0.07) 0.82 (±0.10)
F1-score 0.86 (±0.05) 0.86 (±0.06) 0.85 (±0.08) 0.82 (±0.06) 0.82 (±0.06) 0.81 (±0.08)
AUC-ROC 0.90 (±0.04) 0.91 (±0.05) 0.91 (±0.06) 0.87 (±0.06) 0.88 (±0.06) 0.87 (±0.08)
SVM
Precision 0.80 (±0.06) 0.81 (±0.07) 0.83 (±0.09) 0.78 (±0.08) 0.79 (±0.08) 0.79 (±0.09)
Recall 0.94 (±0.04) 0.94 (±0.06) 0.93 (±0.07) 0.89 (±0.06) 0.90 (±0.06) 0.88 (±0.08)
F1-score 0.86 (±0.04) 0.87 (±0.05) 0.87 (±0.07) 0.83 (±0.06) 0.84 (±0.06) 0.83 (±0.07)
AUC-ROC 0.91 (±0.04) 0.92 (±0.04) 0.92 (±0.06) 0.88 (±0.06) 0.88 (±0.06) 0.89 (±0.07)
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The overall performance is similar for all the experiments conducted, obtaining for most users
values around 0.84 and 0.89 for F1-score and AUC-ROC, respectively. On the one hand, it was found
that the usage of time windows performed slightly worse than using a fixed number of events for each
chunk. The underlying cause may be the variable number of records available for each user: some of
them impulsively move the mouse, whereas others use the mouse in a smoother manner. On the other
hand, MLPs achieved a higher precision rate, so that it should be favored for authentication purposes
rather than SVMs.
4. Conclusions and Future Work
Through the analysis conducted in this work, it has been demonstrated that users’ mouse-based
behavior can be used for authentication purposes. Although the obtained performance may not be
suitable for a single-primary authentication mechanism, it could be perfectly used as a second-phase
authentication method that continuously monitors users’ activity seeking after behavior anomalies,
similarly to an intrusion detection system. In case of a security issue detection, the authentication
monitor could decide to close users’ sessions, or to report such an issue to the system administrators
for further investigation.
On the basis of these results, a mouse behavior monitoring system could be developed and
tested under a real environment, so that the stability of these models over time could be assessed.
In addition, further analysis based on different approaches or techniques, such as deep learning, could
be conducted to improve the overall performance.
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